Introduction. The aim of this study was to construct a reference curve based on longitudinal Doppler blood flow measurements of the uterine artery during the first and second trimesters of normal pregnancy. Material and methods. Healthy pregnant women (n = 124) between 18 and 38 years of age were included. The uterine artery pulsatility index (UtAPI) was measured with transvaginal ultrasound in the first trimester (gestational weeks 8-10 and 11-13) and with transabdominal ultrasound in the second trimester (gestational weeks 18 and 24). Individual longitudinal curves were constructed and a reference curve was created. Results. A centile curve with the normal distribution of the UtAPI during the first and second trimesters was constructed. We found that 90% of the women alternated between quartiles during the four examinations between gestational weeks 8 and 24, but 75% remained within the higher or lower range. Conclusions. A UtAPI reference curve was constructed for the first and second trimesters of pregnancy. Although the mean UtAPI values may vary from one examination to the next, most mean UtAPI values remain within the higher or lower range, i.e. above or below the 50th centile.
Introduction
Doppler blood flow measurement from the uterine artery is used for prediction of preeclampsia, hypertensive disorders in pregnancy, and as complementary surveillance parameters in high-risk pregnancies and fetal growth restriction (1, 2) . A reference curve from normal pregnancies is the basis for identification of pathological blood flow. However, most published reference curves of blood flow measurements are constructed from cross-sectional
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Uterine artery pulsatility index is falling but varies throughout the course of normal pregnancies. Firsttrimester uterine artery pulsatility index is predictive for uterine artery pulsatility index values later in pregnancy, as most women stay below or above the 50th centile. measurements of populations with no information on subsequent pregnancy course (3, 4) (Table 1) . Following individuals through repeated examinations enables longitudinal curves to be produced describing the development of pulsatility index measurements.
Reference curves using longitudinal measurements have been constructed for Doppler blood flow measurements from the umbilical artery (5, 6) . A PubMed search before initiation of the present study (2008) revealed a lack of reference curves for Doppler blood flow measurements from the uterine artery of healthy pregnant women in the first and second trimesters. Later, longitudinal pulsatility index measurements for gestational weeks 18-40 were published in 2013 (7) .
The aim of this study was to create a reference curve based on longitudinal Doppler blood flow measurements from the uterine artery during the first and second trimesters.
Material and methods
This prospective study was conducted at the National Center for Fetal Medicine, St. Olav's Hospital in Trondheim, Norway. We recruited women from general practitioners and the gynecological outpatient clinic, and some women were included on the basis of "word of mouth;" from friends, colleagues, or family. Women were included in the study from July 2008 to May 2010. Informed consent was obtained from all participants included in the study, and the Regional Committee for Medical and Health Research Ethics, Mid-Norway approved the study in 2008 (No. 4.2008.841) .
Inclusion criteria were; (i) healthy woman with an ongoing first-trimester pregnancy, (ii) viable, singleton fetus, (iii) age 18-38 years. Exclusion criteria were: (i) somatic or mental disease (for example diabetes, kidney and cardiovascular diseases and polycystic ovary syndrome), (ii) pregnancy complications in previous pregnancies (for example preeclampsia, intrauterine fetal death, gestational diabetes, preterm delivery), (iii) multiple pregnancy, and (iv) other reasons (non-Norwegian speaker, long distance to study center). Missed abortions and severe congenital anomalies were excluded.
There were four scheduled study visits during the first and second trimesters; two visits in the first trimester with a 2-week interval (8-13 weeks, depending on gestational length at inclusion), then at 18-19 and 24-25 weeks of pregnancy.
The study participants were examined with Siemens ACUSON Antares ™ (Siemens AG, Munich, Germany),
Hitachi EUB -8500 (Hitachi Medisys, Saint Priest, France) or Voluson 730 expert (GE, Zipf, Austria) ultrasound devices. During Doppler ultrasound measurements care was taken to avoid insonation of the embryo/fetus. Three experienced midwives, specialized in obstetric ultrasonography, and two experienced doctors carried out all scans. The thermal and mechanical indices were kept within the recommended thresholds, and the International Society of Ultrasound in Obstetrics and Gynecology guidelines for the safe use of Doppler ultrasound were followed (8) . First visit was scheduled based on the last menstrual period. Crown-rump length was used to estimate gestational age at the time of the first examination, and women were included if crown-rump length was between 20 and 63 mm. Estimated date of delivery and gestational age at delivery were based on a second-trimester routine ultrasound examination at around gestational week 18. The second study visit was scheduled approximately 2 weeks after the first examination.
At the first two study visits the uterine artery pulsatility index (UtAPI) was measured with transvaginal ultrasound according to the following method; the uterine artery was identified at the point closest to the internal cervical os with the use of color flow imaging. The sample gate was set at 2 mm and placed to cover the whole vessel and including the vessel walls. The angle was kept below 30 degrees. Three consecutive uniform waveforms were recorded, and the mean of the three was used. At the study visits at 19-20 weeks and 23-24 weeks of gestation the UtAPI was measured with transabdominal ultrasound using the method described by Hernandez-Andrade et al. (9) .
Pulsatility index was measured three times on each side to reduce the effect of intra-observer variability. We estimated the intra-class correlation (ICC) when using means of one, six and an infinite number of measurements. The ICC using the mean of six measurements was estimated at 0.43. If we used only one measurement, the ICC was estimated at 0.28 and for an infinite number of measurements ICC was estimated at 0.48. Hence, the mean of all six measurements from the right and left uterine arteries was used in the final analyses (10).
Statistical analyses
The relationship between UtAPI and gestational length was estimated using a mixed linear model. The logarithm of "mean UtAPI" was the response variable and increasing integer powers of gestational length in days were included as covariates as long as the model log-likelihood improved significantly. Patient identity was taken as a random effect while the log-variance of the error term was specified as a quadratic polynomial in gestational length in days to account for apparent heteroscedasticity. The statistical analysis was performed using R version 2.13.1 using the package LME4 (https://cran.r-project.org) and SPSS version 20 (IBM SPSS, Armonk, NY, USA).
Results
In all, 124 pregnant women were included in the study. We excluded five women; one had polycystic ovary syndrome, three developed preeclampsia, and one experienced intrauterine fetal death at gestational week 35. Maternal characteristics at the time of inclusion are presented in Table 2 .
Statistically calculated UtAPI values for gestational weeks 8-25 are presented in Table 3 , and an extended version of the table with UtAPI values for each day can be found online as Supplementary material (Table S1 ).
Mean maternal age was 28.4 years (range 18-37; SD 4.2) and mean body mass index was 24.4 kg/m 2 (range 18.7-39.0; SD 3.9). Eight women had body mass index >30 kg/ m 2 . Mean gestational length at inclusion was 76 days and 53% of women were nulliparous.
The mean UtAPI with centiles from 8 to 24 weeks of gestation is plotted in Figure 1 . The mean UtAPI shifted significantly between quartiles from the first to the fourth study visit, and only 11% of the women stayed in their original quartile during the entire study period. Women in the highest pulsatility index quartiles were most likely to stay in the same quartile (24%). Although women fluctuated between quartiles, 75% remained above or below the 50th centile from the first to the last study visit. Only 16% of the women starting in the lowest quartile ended above the 50th centile at the 24-25 weeks visit, and only 4% ended above the 75th centile ( Figure 2 ).
Discussion
Here we present a reference curve based on longitudinal Doppler blood flow measurements from the uterine artery of healthy women during the first and second trimesters.
The major strengths of our study are the longitudinal study design and that it covers a period of pregnancy that is little studied previously. Most former studies are either cross-sectional (3, 11, 12) , or cover the second half of the pregnancy (4, 7, 13) . One study covered weeks 11-13 (14) . The chart by Gomez et al. from 2008, often referred to in the literature, was based on a cross-sectional study and covered weeks 11-41 (12) . They included 20 pregnancies at each gestational week. Only healthy women were included but those who developed complications later in pregnancy (for instance preeclampsia and preterm delivery) were not excluded. The study used transvaginal ultrasound until gestational week 14, and transabdominal ultrasound from gestational week 15. The authors concluded that UtAPI decreased progressively until the late stages of pregnancy, and that UtAPI may have clinical value in screening for placenta-associated diseases in early (13) . Their results are comparable to ours, with a decreasing UtAPI in the second trimester of pregnancy. In concordance, our study shows a similar decrease in mean UtAPI with increasing gestational length as the studies by Gomez et al. and Flo et al., but covers the first and second trimester by longitudinal measurements. We have only been able to find one longitudinal study covering early pregnancy. This study was based on only two measurements from each patient, one in the first trimester (week 11-13) and one in the second trimester (week 20-25) (15) and did not present a reference chart. The authors concluded that Doppler indices obtained in the first trimester are significantly higher than Doppler indices obtained in the second trimester and findings from both scans are significantly correlated. Hence, there was a need for a longitudinal reference chart for the first and second trimesters in pregnancy, which our study now covers.
The mean UtAPI measurements from the present study are comparable with data from previous cross-sectional studies. Interestingly, when divided into mean UtAPI quartiles, we found that almost 90% of the women shifted from the original quartile during the following three examinations. However, women with UtAPI below the 25th centile, and above the 75th centile were more likely to remain under and above the 50th centile, respectively. This implies that for women with normal pregnancies, UtAPI measurements during the first trimester are predictive for UtAPI in the second trimester and Doppler of the uterine artery could be useful for risk evaluation in early pregnancy.
Participants in the present study were healthy, low-risk women. It may be discussed whether women with body mass index >30 kg/m 2 (6.3%) should be included among The study population was divided into quartiles according to first uterine artery pulsatility index (UtAPI) measurement, and then followed longitudinally. Blue represents >25% UtAPI values, green 20-50%, red 50-75% and yellow >75%. normal, low-risk pregnancies. As obese women in the present study had no other health problems, we decided to include them. We examined women transvaginally in the first trimester and transabdominally in the second trimester. We acknowledge that this might be a weakness of the study. Measurements of UtAPI must be performed in a standardized manner to be reproducible and reliable. Measurement protocols with transabdominal ultrasound of the uterine artery are better described and standardized than the transvaginal approach. This applies both to the first (11) (12) (13) +6 weeks) (9) and second (19-23 weeks) trimesters (9) . Nevertheless, we decided to perform the first-trimester examination transvaginally, because we believe that this ensures more correct and reliable UtAPI measurements at gestational weeks 8-11, as implied by Kaminopetros et al. in 1991 (16) . A recent study used both transabdominal and transvaginal techniques in the same women and found that transvaginal ultrasound measurements were significantly higher for UtAPI at [11] [12] [13] +6 weeks (17) . Furthermore, Ferreira et al. investigated both first and second trimesters with the same results (18) . Our reference curve for the first trimester should be used with caution if transabdominal ultrasound is used at [11] [12] [13] +6 weeks, as transvaginal measurements give a higher UtAPI.
We performed Doppler examinations four times during the study period. This might be too few when making a longitudinal reference chart. On the other hand, the examinations were carried out with only a 2-week interval in early pregnancy when the UtAPI changes most.
In conclusion, we have constructed a centile curve for UtAPI values in gestational weeks 8-25 in women with normal pregnancies and term deliveries. Although the mean UtAPI values may vary from one examination to the next, most UtAPI values remain within the higher or lower range, above or below the 50th centile.
